Background Early diagnosis and successful treatment of juvenile osteochondritis dissecans (JOCD) is essential in preventing articular degeneration at a young age. Surgical treatment of stable JOCD lesions failing nonoperative treatment involves retroarticular or transarticular drilling to induce revascularization and healing. Multiple case series report high healing rates and infrequent complications for both retroarticular and transarticular drilling modalities; however, it is unclear from these individual reports whether one mode of drilling provides higher healing rates. Questions/purposes We asked whether transarticular or retroarticular drilling of stable JOCD lesions results in differing patient-oriented outcomes, rates of radiographic healing, time to radiographic healing, and complication rates.
Introduction
Osteochondritis dissecans (OCD) of the knee is a rare, localized pathologic process in which subchondral bone and adjacent articular cartilage separate from the femoral condyle. First described as ''quiet necrosis'' by Paget in 1870 [28] and later coined OCD by Konig in 1888 [21] , its true etiology remains speculative. Various theories involve ischemic, genetic, and traumatic processes; however, its increasing incidence in skeletally immature patients most supports a theory of repetitive microtrauma as youth participation in sports increases [6, 9, 11] .
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Although OCD was first described more than a century ago [28] , its natural history remains unclear; OCD likely manifests along a pathologic spectrum from softening of the overlying articular cartilage to osteochondral separation with loose body formation over months to years [17] . Furthermore, few high-quality studies exist to guide clinicians on most diagnostic, prognostic, and therapeutic decisions [8] .
Juvenile OCD (JOCD) is differentiated from adult OCD (AOCD) by open femoral physes. In contrast to AOCD lesions, AOCD lesions with intact overlying cartilage may respond well to nonoperative measures including activity modifications, restricted weightbearing, and knee immobilization. Controversy exists over specific methods or required duration of nonoperative treatment and there is considerable uncertainty regarding its effectiveness. Some series quote a high rate of radiographic healing of more than 90% [23, 32] , whereas others share less optimistic figures of less than 60% [6, 7, 30, 34] . Many authors acknowledge a frequent requirement of 6 to 18 months of nonoperative treatment to achieve healing, leading to concerns of atrophy, stiffness, and poor treatment adherence [2, 6, 16, 17] .
Commonly accepted operative indications in stable JOCD lesions include failed nonoperative measures of 3 to 6 months or approaching physeal closure [11] . Arthroscopically confirmed stable JOCD lesions are drilled by one of two general modalities, transarticular or retroarticular, to create channels into subchondral bone for revascularization and bony union of the osteochondral fragment. Transarticular drilling penetrates the articular cartilage through at least one site to create multiple subchondral penetrations. Concerns with this technique involve the uncertain long-term implications for cartilage health created by articular cartilage drill sites. By contrast, retroarticular drilling spares the articular surface and physes by drilling through the side of the affected condyle or intercondylar notch. Comparatively, it necessitates fluoroscopic guidance and its technical difficulty raises the risk of incomplete lesion drilling, displacement of the OCD fragment, and inadvertent soft tissue injury around the knee.
Multiple case series [2, 18, 19 ] report a high rate of healing and low complication rates using either transarticular or retroarticular drilling modalities. These studies demonstrate improved clinical outcomes using a variety of patientoriented outcome measures and high rates of radiographic healing. Kawasaki et al. [18] reported a Lysholm score of 97.7 and 100% of 15 lesions healed radiographically 16 months after retroarticular drilling. Other transarticular studies report Lysholm scores in the mid-to high 90s and radiographic healing approaching 100% [2, 19] .
No high-quality studies or systematic reviews exist to guide the treating physician on the best drilling modality to optimize patient-oriented outcomes and rates of radiographic healing. We therefore asked whether retroarticular drilling for stable JOCD lesions or transarticular drilling results in differing (1) patient-oriented outcome measures; (2) radiographic healing; (3) time to healing on radiography; and (4) complications.
Search Strategy and Criteria
We searched the electronic databases Medline, Embase, and the Cochrane Collaboration July 2011 for relevant literature on drilling for stable JOCD lesions. The search of the Medline and Embase databases was limited to the title and abstract. Key words we used in combination were (1) ''osteochondritis dissecans''; (2) ''drilling''; and (3) ''knee''. Abstracts indicating a possibility of clinical outcomes from therapeutic drilling prompted retrieval of the full-text article for detailed evaluation. The reference lists for all relevant articles were hand-searched for additional relevant articles.
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram ( Fig. 1 ) depicts the number of articles identified and screened, included, and excluded with reasons for exclusion. The initial search identified 65 potentially relevant studies; 56 studies were identified through a computerized database search with an additional nine studies identified through hand-searching of article references. Subsequent review of abstracts produced 22 articles for more detailed full-text evaluation. One study was excluded as a result of inclusion of patients from a later study with more complete followup [12] . Three studies reported on mixed and inseparable outcome data for patients undergoing either drilling or another form of treatment method [16, 17, 26] . Two studies were excluded as a result of inseparable outcomes data for patients with JOCD or AOCD lesions [13, 15] . Four studies did not describe the type of drilling modality used [3, 24, 29, 33] . One study did not describe the number of patients at followup and was therefore excluded [7] . These exclusions left 11 studies (Table 1) .
Study characteristics determining eligibility were either published prospective or retrospective studies reporting on outcomes for patients undergoing drilling for stable JOCD lesions. We considered lesions stable if they were described as stable by the study author. Additionally, inclusion was dependent on involvement of human subjects and availability in English language. We excluded studies if they reported on patients from another study with more complete followup or did not report basic data. Specifically, studies were excluded if they did not report the skeletal maturity of patients, the stability of the OCD lesion, or the type of drilling modality used. Outcome data were required for patients with JOCD lesions undergoing drilling treatment in isolation from other treatment modalities. Additionally, studies reporting on both JOCD and AOCD lesions were excluded if separate outcomes data for JOCD lesions were not reported.
Independent data extraction and collation into a table format were performed by three reviewers (MJG, MLM, JLC). Decisions regarding table format and type of data for extraction were made by consensus among reviewers. Extracted data included first author, publication date, level of evidence, study design, number of lesions at followup, duration of followup, age at the time of surgery, lesion location, lesion type, duration of conservative management, drilling technique, diameter of wire, number of drill holes, use of fluoroscopy, postoperative weightbearing status, patient-oriented outcomes, complications, number of lesions healed by radiography, and time to healing on radiographs. The collated data from each reviewer were compared for accuracy and any inconsistencies were corrected by consensus discussions.
Three reviewers (MJG, MLM, JLC) independently assessed methodological quality, assigned level of evidence, and determined study design. A study was considered prospective if it was started before the first patient was enrolled.
The risk of bias across studies and for individual studies was assessed and reported on by the independent reviewers. A consensus was reached among the reviewers as to the importance of each bias and need for inclusion of bias in the reporting of results.
A variety of patient-oriented outcomes or composite scales was used throughout the included studies; all studies reported at least one measure of patient-oriented outcome. Four studies reported results using pain reports [2, 5, 10, 22] and two studies defined their own patient-oriented outcome scales [9, 13] . Validated composite scores were used in the remaining studies; five studies used the Hughston clinical score [1, 4, 18, 25, 27] , one study used the International Knee Documentation Committee form (IKDC) [4] , and three studies used the Lysholm score [1, 18, 19] . The remainder of the studies typically defined healing on radiographs as resolution of the lesion's Number of studies included in qualitative synthesis (n=11) Fig. 1 The review was performed systematically and qualitatively analyzed 11 studies. sclerotic rim and/or resolution of the radiolucent zone behind the OCD lesion.
Results
Patient-oriented outcome scores were comparable in all studies using either drilling modality. Five studies used a Hughston score to report patient-oriented outcome data [1, 4, 18, 25, 27] . Three of these studies used a retroarticular technique (40 juvenile OCD lesions) [1, 18, 27] and two used a transarticular technique (37 juvenile OCD lesions) [4, 25] (Table 2) . Studies using a retroarticular technique reported a total of two poor outcomes and one failure. The two studies using a transarticular technique reported one poor result. Lysholm scores were used to evaluate outcomes for JOCD lesions in two studies using retroarticular techniques (35 lesions) [1, 18] and one study using a transarticular technique (30 lesions) [19] . All three studies reported high final Lysholm scores. We found no major differences in rates of radiographic healing for JOCD lesions drilled by retroarticular or transarticular techniques with respective healing rates of 86% and 91% (Table 4 ). One study used MRI in isolation to evaluate lesion healing and was therefore not included in this analysis [27] .
An apparent difference was seen in time to healing by radiographic examination of JOCD lesions drilled by transarticular or retroarticular techniques ( Table 5 ). Of the 11 studies using radiographs to examine for lesion healing, seven studies reported results on time to healing by radiography [1, 2, 4, 9, 10, 18, 19] . One study using a retroarticular approach was excluded from the time to healing analysis as a result of a unique interpretation of healing on radiography [10] . This article reported healing as a percentage by comparison of preoperative and postoperative studies; by this interpretation, lesions would require considerably more time to achieve 100% healing. Within the remaining six studies, JOCD lesions drilled transarticularly took an average of 4.5 months to heal compared with 5.6 months for JOCD lesions drilled retroarticularly.
There were no reports of complications from retroarticular and transarticular drilling in any of the included studies (Table 3 ). Of the 13 included studies, seven reported no perioperative complications and six did not report on complications.
Discussion
Early diagnosis and successful treatment of OCD are essential in preventing the long-term sequelae of articular [2, 18, 19] report high rates of healing and low morbidity using both transarticular and retroarticular drilling for stable JOCD lesions. However, no high-quality studies or systematic reviews exist to guide treating physicians to decide which drilling modality is best for their patient. We therefore asked whether retroarticular drilling for stable JOCD lesions or transarticular result in differing (1) patient-oriented outcome measures; (2) radiographic healing; (3) time to healing on radiography; and (4) complications. There are major limitations of this review and the literature: (1) an assumption was made regarding the accuracy of assessment of OCD lesion stability in studies that did not use common classification systems or detailed descriptions of lesion appearance; (2) lesions were assumed to be of relatively equal sizes across studies because this parameter was infrequently reported by the studies included in this review. A variety of studies suggest this parameter is an important predictor of lesion healing [6, 10, 17, 30, 34, 35] ;
(3) notwithstanding inconsistent and nonvalidated definitions of radiographic healing of OCD lesions within the literature, this review assumed correct assessment of OCD lesion healing on radiography by study authors. Heterogeneity among authors' diagnoses of lesion healing on radiographs was highlighted by one article [10] that uniquely reported healing as a percentage by comparison of preoperative and postoperative radiographs; (4) time to healing on radiographs is in turn influenced by each study's definition of radiographic healing and dependent on varying postoperative followup schedules; (5) there was considerable heterogeneity in the type of patient-oriented outcome used across the studies resulting in restriction to qualitative analysis of outcomes; (6) analysis was further limited by multiple studies using nonvalidated patient-oriented outcome measures for juveniles/adolescents; and (7) the shortterm clinical outcomes reported by this review would conceivably miss long-term complications, most notably articular cartilage changes after multiple transarticular drill sites. Interestingly, a transarticular study included in this review [5] reported slight drill site depression and fibrillation after a second-look arthroscopy 5 years after the index procedure. Nevertheless, the long-term effect of transarticular drilling remains unquantified.
Given the single cohorts of the included studies, there is a particularly high risk of referral or selection bias in the included studies. Additionally, there is a substantial risk of overestimated treatment effect through measurement bias in the studies. This systematic error would conceivably occur through an expectation of treatment effect by the investigators and potentially more favorable patient responses. Risk of measurement bias is further enhanced by possible inaccuracies in the assessment of healing with radiographs [14, 31] .
Comparable patient-oriented outcome measures were found in studies using either drilling modality. Recognizing the limitations of qualitative analysis of patient-oriented Lesions healed on radiographs (%) 86 91 * Analysis restricted to studies reporting on specific outcome data for juvenile osteochondritis dissecans lesions; values are a weighted average of studies reporting on juvenile osteochondritis dissecans outcomes with ranges in parentheses; MFC = medial femoral condyle; LFC = lateral femoral condyle. * Analysis restricted to studies reporting on specific outcome data for juvenile osteochondritis dissecans lesions; values are a weighted average of studies reporting on juvenile osteochondritis dissecans outcomes with ranges in parentheses; MFC = medial femoral condyle; LFC = lateral femoral condyle.
outcomes from the included studies, it is apparent that neither drilling modality demonstrated clearly superior patient-oriented outcomes. This may serve to reassure the treating surgeon of relatively equal short-term symptomatic and functional improvement regardless of drilling modality used.
Using nonstandardized radiographic assessment, neither drilling modality demonstrated clearly superior rates of radiographic healing. Included retroarticular and transarticular studies demonstrated an average healing rate of 86% and 91% healing, respectively. Importantly, this suggests a favorable long-term prognosis and suggests no clear advantage of either drilling modality in the prevention of the sequelae of osteoarthritis from a nonhealing JOCD lesion.
Neither drilling modality demonstrated superiority over the other with regard to time to radiographic healing. Average time to healing was 5.6 and 4.5 months for retroarticular and transarticular drilling, respectively. Both modalities appear to offer patients relatively equal opportunity to return to activity in a relatively short period of time and avoid the effects of prolonged immobilization or activity restrictions.
No complications were reported in any other included studies of this review. The low short-term morbidity of retroarticular and transarticular drilling found in this study is consistent with current opinions regarding the safety of these techniques in the literature. This lends further credence to the current standard of care for the management of stable JOCD lesions [8] .
True comparative patient-oriented outcomes and rates of radiographic healing between transarticular and retroarticular drilling for JOCD lesions remain unanswered. These questions are most ideally evaluated by high-quality prospective comparative trials, which clearly distinguish between JOCD and AOCD lesions.
Comparative studies of transarticular and retroarticular drilling require reproducible reference standards for defining OCD lesion healing by radiographs or MRI. Studies on inter-and intraobserver reliability should be performed on specific radiographic criteria for the evaluation of lesion healing. This first step would be essential before further evaluation of a nonoperative or operative treatment effect.
Additionally, future comparative studies must address patient-oriented outcomes and radiographic healing rates after nonoperative treatment. This has been inadequately addressed through retrospective studies [6, 16, 23, 30, 32, 35] . Evaluation of specific nonoperative treatment protocols through high-quality clinical trials would provide context and a benchmark for comparison to drilling techniques.
Further OCD drilling studies require standardization of nomenclature and patient-oriented outcomes to enhance comparability. This review has used the terms transarticular and retroarticular to distinguish the two general drilling techniques on the basis of articular cartilage involvement. This is in contrast to myriad of potentially confusing terms used in the existing literature such as retrograde or antegrade. Additionally, standardized measurement of patient-oriented outcomes with an instrument that is reliable, validated, and responsive [36] would further enhance the quality of future trials. The pedi-IKDC form is modified from the IKDC and is reportedly reliable, valid, and responsive in pediatric populations with knee disorders [20] .
Available evidence from 11 studies suggested a high rate of healing on radiography and comparable times to healing on radiographs for JOCD lesions drilled either retroarticularly or transarticularly. Further studies are required to clearly define radiographic healing of a OCD lesion and the efficacy of nonoperative treatment. Future investigations should aim to use standardized nomenclature and validated patient-oriented outcome measures.
